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[57] ABSTRACT

A power steering arrangement has a booster pressure
cylinder shiftable on a piston fixed to the vehicle frame
with steering rods connecting from the cylinder to the
vehicle wheels. Valve means operable by a manually
operated steering wheel pressurizes and exhausts the
cylinder chambers at the ends of the piston. The valve
means is carried in the piston for compactness and is
actuated by a rack reciprocated by a pinion rotated in
response to rotation of the manual steering wheel. The
arrangement provides the advantage of compact assem-
bly and rugged construction coupled with a minimum
of oil leakage from the pressure cylinder. Inasmuch as
the piston rod is fixed and has flow passages connecting
to pump and tank, attachment of conduits for pressure
and exhaust may be readily made. There are no moving
conduit parts and tight sealing is achieved. The arrange-
ment effects a desirable geometry of the steering mecha-
nism.

7 Claims, 2 Drawing Figures
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RACK STEERING GEAR

| BACKGROUND OF THE INVENTION

The shortemng of overall lengths of rack steerlng
gears has always presented a problem. Thus in German
patent DBP No. 11 37 328, the overall length of the

construction is shortened by disposing the control valve
in an axial bore of the power piston. The reciprocating 10

" drive of the steering mechanism connects to the ends of
the piston rods. Due to the required length of stroke of
the piston rod, there is insufficient space for the steering
rods, particularly in vehicles with a narrow wheel base.
Thus the steering rods must be made short and thisis a 15
disadvantage in the steering geometry. Another disad-
vantage in the patented arrangement is that the oil lines
to the control valve provide sealing difficulties. =~

German patent OS No. 19 33 403 shows shortening of
the overall arrangement by disposing the booster cylin- 20
der alonside the rack. The steering rods are attached at
the ends of the rack by means of ball joints, and are
relatively short. Additionally, the patented arrangement
requires elements of the control valve to rotate with the
steering splndle and the plnlon which causes sealing 25
problems. |

German patent OS No. 20 32 183 shows an arrange-
ment wherein the point of rotation of the ball bearings
of the steering rod is inside the rack and shifted within
the cylinder through a rolling diaphragm. The gain in
length for the steering rods is relatively small.

German patent OS No. 21 14 591 shows an arrange-
ment wherein the steering rods are attached to the rack
approximately at the middle of the steering gear. Al-
though the steering rods are not necessarily limited in
length, the construction is expensive and the rigidity of

the housing is reduced by the slots required for the
steering rods. | |
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'BRIEF DESCRIPTION i
The present invention avoids the disadvantages of the
prior art with their sealing complexities by means of
bores through a piston rod of the booster piston, the
piston rod being fixed to the vehicle frame so that not
only is the solidity of the overall construction improved
and sealing improved, but the overall dimensions of the
power cylinder housing and the piston rod are reduced.
By having the power cylinder housing shiftable on the
fixed piston rod, a simpler mode of connection between
steering rods and wheels is effected and such rods can
be made longer in a symmetrical geometry between
points of connection with the shiftable booster cyllnder
housing and the vehicle wheels This effects a force
transmitting advantage. |
Specifically, by having the steermg rods connected to
a reciprocal booster cylinder housing, optimum use of
the space available for steering rods can be made so as
to enable the invention to utilize longer rods. Addition- ¢,
ally, by feeding the chambers of the booster cylinder via
bores in a stationary piston rod, no movable connec-
tions are required and seallng problems are reduced
- accordingly. |
A detailed description of the mventlon now-follows 65
in con_]unctlon ‘with the appended drawing, in which
- FIG. 1 is a schematic illustration of a rack steering
~ gear embodying the invention, and
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_ 2 _ _
FIG. 2 is a longitudinal section through the booster

.cyllnder housing- showing essential components which

comprise the invention.

Referring to the drawing, a rack 1 1s slidable on a
piston rod 2 of a booster piston 3 reciprocal in a housing
4. The housing is cylindrical in the length traversed by
the piston, thus providing a booster cylinder S§. Pinion 6
is rotatably carried in the housing meshing with the
rack 1. The piston rod 2 extends sealingly at both ends
through the respective ends of the housing and will be

- understood to be fixed to the frame of a vehicle. Ac-

cordingly, while the piston rod is relatively stationary,
being secured to the vehicle, the housing 4 can recipro-
cate .on the piston rod for movement relative thereto
and the rack is slidable along piston rod 2.

A pair of steering rods 8 are pivotally secured to the
 housing 4 by means of attachment eyes 7 and are con-
- nected at their outer ends to respective wheels 9 in the

usual manner for effecting steering. It will be noted that
the geometry of the steering rods, the housing, and the
attachments to the wheels is symmetrical on each side
of the housing. Thus, the steering rod 8 transmits equal
steering force to the wheels 9 upon shifting of the hous-
ing 4 1h either direction.

Pinion 6 carried in the housing 4 as seen in FIG. 11s

‘connected by a telescopic spindle 10 to steering wheel

11, the connection being a pair of universal joints 12 and
slidable elements such as the sleeve 13.

A control valve (FIG. 2), generally designated as 14,
is carried in the piston 3 and communicates via a bore
passage 15 with a conduit 17 to pump 19. Bore 15 brings

| pressure to the upper chamber of the cylinder as viewed

in FIG. 2.

Likewise as seen in FIG. 2 a bore passage 16 commu-
nicates via a conduit 18 with tank 20 for exhaust flow
from the upper chamber. It will be noted that bores 1§
and 16 are in the piston rod 2.

Piston 3 has a branch bore 15A or passage communi-
cating from bore 15 through the piston for pressure
flow to the lower chamber of the cylinder. Likewise, a
branch bore 16A through the piston connects to bore 16
for exhaust flow from the lower chamber.

The control valve 14 is operated upon by shifting of
rack 1 by the steering wheel 11 in a limited range In
either direction relative to piston 3 and piston rod 2.
Rack 1 and control valve 14 are maintained in neutral or
centered position for straight ahead steering by center-
ing springs 21 and 22 actlng against rack 1 in opposite
directions.
~ The rack being slidably nested in the piston rod, and

" maintained in position by the pinion, will be seen to

have a limited reciprocal movement relative to the

piston rod, but sufficient for actuation of a control valve

such as shown on FIG. 2, or any other type suitable for
the purposes of the invention.

From the construction shown in FIG. 2, it will be
apparent that the slidable rack is acted on by the spring
21 in one direction and by the spring 22 in the other
direction acting through various abutment elements of
valve 14 as will be explained. Thus, valve 14 comprises
a slidable pin 23 secured to rack 1 and through which
pin the springs 21, 22 can act for centering effect on the

rack and a neutral position of valve 14. Pin 23 actuates

a pair of rockable valve operators 26 and 27 by means of
respective operating springs 24 and 25. A pair of respec-
tive collars 28 and 29 limit the movement of the springs
24 and 2§, each of which will be seen to have an end
abutting a respective collar fixed on pin 23.
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Ball valves 30 and 31 are pressure inlet valves and ball
valves 33 and 32 are exhaust outlet valves. The arrange-
ment i1s such that one inlet valve and one outlet valve
are operated by a valve operator such as 26 or 27. Thus,
actuation of valve operator 26 via spring 24 can open
outlet valve 32 with the bent end flange of the operator
when the operator is pressed down and at the'same time
hold the pressure inlet valve 30 closed. Similarly, valve
operator 27 upon actuation upwardly via spring 25 can
open exhaust outlet valve 33 while holding pressure
inlet valve 31 closed. It will be understood that a certain
degree of play of the valve operators 26, 27 on the pin
23 is permitted to allow for a pivotal or swmglng action
wherein one end of a valve operator is fulcrumed on a
pressure inlet valve 30 or 31 while the other end moves
to open the corresponding exhaust outlet valve.

Although exhaust outlet valves 32 and 33 are sprlng
biased by ‘compression springs 34 and 35 toward a
closed position, when in neutral or stralght ahead steer-
ing position, they are open, while pressure inlet valves
30, 31 are closed.

Since the pressure inlet bore 15 and the exhaust re-
turn bore 16 communicate via respectwe bores 15A and
16A, wherein the passage 15A communicates with an

‘upstream side of the pressure inlet valve 30.and the °

passage 16A communicates with the downstream side
of exhaust outlet valve 32, it will be apparent that either
pressure chamber can be pressurized while the other is
exhausting. .

The operatlon of the eontrol valve 14 need not be
_descrlbed in detail since it 1s not essential to the opera-
tion of the invention which pertalns to the shiftable rack
operated by the manual steering wheel for effecting
shifting of a power cylinder housing connected to steer-
ing rods. . - |

Thus, the partlcular embodlment of the valve 14 as
shown herein is not critical and other forms of valves
may - be used, for example, as. shown in German Pat.
DE PS No. 11 37 328 heretofore mennoned
-~ What 1s claimed is:

1. In a booster steering gear for a vehlcle of the klnd
having a housing (4) comprising a booster cylinder (5)
with a piston. (3) therein on a piston rod (2) extending

through the ends of said housing including a rack (1)

‘movable in said housing by a steering wheel and a con-
trol valve (14) operable by rack movement for booster
power control, including steering force transmission
means comprising steering rod means (8) operable by

relative movement between said piston and said booster 50

cylinder for vehicle wheel Steering movement;
whereln the improvement comprises said steering rod
means having at least one steering rod (8) con-
‘nected to said: housing (4) between the ends

thereof; said rack being carried-by said piston rod

+(2); said piston rod (2) comprising means to be fixed

- to a vehicle frame; said housing being movable on
said fixed piston rod to effect steenng by actuation
- of said steering rod. SR -

2. In a ‘booster steering gear as-set forth in clalm 1,

-including flow passages comprising bores (15, 16) in

-said piston rod (2) communicating with said control

d
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valve for hydraulic flow communlcatlon with said
booster cylinder. - ¢ .
3. In a booster steering gear as set forth in claim 1,
wherein said rack (1) is slidable on said piston rod (2)
and means effectmg limited movement relative
 thereto in elther dlrectlon for actuatlon of sald
control valve. ,
4. In a booster steering system as set forth in claim 1,
~wherein said rack (1) is slidable on Said piston rod (2)
and means effecting limited movement relative
thereto in either direction for actuation of said

-“control valve, including opposed springs (21, 22)

disposed to act on said rack for effectlng a neutral
“position for straight ahead steenng

-5.:In a booster gear as set forth in claim 1, including

an additional steering rod (8) connected to said housing

-between the ends thereof, wherein the geometry of said

steering rods between.points of connection with said
housing and wheels of a vehicle is symmetrical.

.. 6. In a booster steering gear for a vehicle, of the kind
having a housing comprising a ‘booster cylinder with a
piston therein including a rack.movable in said housing
by a steering wheel and a, control valve operable by

‘rack movement. for booster power control, including
,steerlng force transmlsslon means comprising steering

rod means operable by relative movement between said

plston and said booster cylinder for vehlcle wheel steer-

mg movement

" whereln the 1mprovement compnses said steering rod

“means having at least one steering rod (8) con-
nected to said housmg (4) a'piston rod (2) compris-

_ ing means to be fixed to a vehicle fraine; said hous-
" ing being movable on said fixed piston rod to effect

steering by actuation of said steering rod; including
means for actuating said rack (1) comprising a pin-

ion (6) carried by said housing and means for rotat-

1ng said pinion by a steering wheel (11) comprising

~ universally jointed telescopically related members.
7. In a booster steering gear for a vehicle, of the kind
having a housing comprising a booster cylinder with a
piston therein including a rack movable in said housing

by -a steering wheel and a control valve operable by

rack movement for booster power control, including

steering. force transmission means comprising steering
45

rod means operable by relative movement between said
piston and said booster cylinder for vehicle wheel steer-

1Ing movement;

. wherein the 1mprovement eompnses sald steering rod
means having at least one steering rod (8) con-
nected to said housing (4); a piston rod (2) compris-
ing means to be fixed to a vehicle frame; said hous-
ing being movable on said fixed piston rod to effect
steering by actuation of said steenng rod; mcludmg

- means for actuating said rack (1) comprising a pin-
ion (6) carried by said housmg and means for rotat-

- ing said pinion by a steering wheel (11) comprising

* universally jointed telescomcally related members;

‘wherein said rack (1)'is slidable on said piston rod (2)

and means effecting limited movement rélative
thereto in either dlrectlon for actuatlon of sald |

control valve o
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